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Abstract

Purpose: This study aimed to analysis the antimicrobial resistance rates of Neisseria gonorrhoeae to
ceftriaxone, azithromycin, ciprofloxacin, penicillin, and tetracycline in selected areas of Hefei, and to
further characterize the distribution of penA genotypes among ceftriaxone-resistant isolates. Meth-
ods: A total of 98 non-duplicated clinical isolates collected between June 2024 and June 2025 were
subjected to agar dilution to determine MICs for ceftriaxone and four additional antibiotics. Isolates
exhibiting reduced susceptibility to ceftriaxone (MIC = 0.5 pg/mL) underwent full-length sequencing
of the penA gene, followed by allele typing. Results: Resistance rates to ceftriaxone, azithromycin,
ciprofloxacin, penicillin and tetracycline were 22.4%, 14.3%, 99.0%, 100% and 99.0%. Notably, 90.9%
(20/22) of resistant isolates harbored the mosaic penA 60.001 allele, while the remaining two isolates
carried penA41.001 and penA34.001. Conclusion: The predominance of mosaic penA alleles among
ceftriaxone-resistant isolates indicates clonal expansion of highly resistant lineages in Hefei, which
may compromise the long-term efficacy of extended-spectrum cephalosporins and warrants continu-
ous molecular surveillance.
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1. 5|15

WIVI 7% 5 B (Neisseria gonorrhoeae) & & 4 BR Ao WA B PEVEAE RR IR e 2 —,  H I RAT S HFSE
BT, XA PARM R T PTE A1 JET A AR ZA(WHO) A5, 2020 423K 15~49 5 B itk
SERIFGIELI Ty 8240 Ji), RN AT 20 AR (2] AR SINHGRTT , W AT R e N R s
Ry FEAZE, RAMYR, FFREEALRE, HitHA R KRB AL A RB3]. RESUAER NGB
I () 32 BT B, R PR HH IR T 24 1 O N 55 30T Rk 4] 38 BB ) 5 1B L (CDC)AE 2019 SRR 2
e vk 23R B A “ SKaE 7 . $RHH 2000~2017 FERITN 251 2 B AHES, SR RBE =R
TR I ME—AEFEZI (5] (B, 218 O o Sk A dha A Sk Ak 3 1 25 B ik (6]«

VAR R S IR ST RIAH R RS A PTG 2, JUH RS FC428 i RAHK. 577 k& penA60.001
SRR DR R TR AR AE b [ S A B R T2 AR 88 (7] MigmiE F R4 & 82 2 (PBP2)IY penA FDH HHBLIR &
BT 51 B B A N 2 3 BN Sk A TR 2% R 25 24 (1) 32 BN 2 —[8]. BRI R4t X A P B 25 it
2RI &R, ARG T G AR X Sk At h Fa i 245 2 H A FRHAE R BRI B = . IR AR RT3 215 BT
ARG R IGTT J7 2N 8 AL DA TS S E 2 AT B 7R 40 AT A AEHb DX IRER B 1470 1 25 470 ek
PRI, FEXT Sk At HTRA T 25 BRI ARIF) penA G507 RIFEAT 40120 24, DA BH 2k X )35 Sk 76 B 2=t 245 1) 713
AT AARFE Al PR FH 24 5% e I S (AR 4

2. B EF*E
2.1. EERFEIR
WEE 2024 6 A 5 2025 G 6 A B BRI R 2258 — B I8 B B 5f e DX A A A8 B 22 At WA R
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HRIEE 5E

TARLRN R R IR ER R B R . BT BB BN, PR 347 . X B RRIHT S S, HERRSR A TH
—BFE . R ASKRIR A — R F AR B R, RZGRAT 98 MR EE SRR B 9NN G S S8 4 BT (b
HEBE PR ATCC49226, 1REEL'S PJ2025-12-71).

2.2. NERAE
(1) Fhe =18 % (2) FMET 14 RIARMEMIIAR: 3) BESIIFZEZMERE .
2.3. HipRERE
() A28 SVESAER A # . ZWEE): Q) MEAREM AL 2 (3) BRI # BN Bt ik

2.4. LW AE

2.4.1. EEBEHk

A R 22 e RS B0 A5 IR AT 2 B AR 97, 4l 0 1 40 0 P 66 5 Al BB 8 e AR PR/ P 35 A 7B I i i v
HHTEE.
2.4.2. BHREFHSEF

K80 CLRF I MK E T =iRME, FHIEHEMIARIET & E M1 GC B FIR 1. 7€ 36°C. 5% CO,
IR N R IR 18~24 /NINF . BUBZS — S AR VE B S0 SR 4k 15958, DI KB B I T o se i i A i
PRAR T2 € P B AE KA

24.3. BERHIE
HUHE IR 18~20 /NI FIBTEF VA, I | mL o AR B3R, MBI EL) 1.5 x 108 CFU/mL
(X2 OD ~0.15), BJE#% 1:10 HkE, BUARZ) 1.5 x 107 CFU/mL AR 1 B T 25 ik 6

2.4.4. MAGHBBMENRRZ MIC HIE
FH 2 Sk IREN 1 2 2 pL B R AD T 258, WE S A, R TEEE T 36C. 5% CO,
W REFR 18~24 he JEMEAEKNEIL, K4 CLSI #niEHE MIC 1E[9].

2.4.5. DNA £2815 penA EEMF
SXof Sk 7t g A TR 245 A A5 FE DD AR R SR UL IR 4 DNA [10], #5109 1 penA FEH &K B11].
PCR Wik TAY TR L) Bt A BR 2~ m BEAT R Rl 452k 5542 penA 2 A (GenBank:
M32091. 1) EExT, 5 FLRAL A 0 B SR AT R B 3l o ARG S DA 5 B4 1
Table 1. Relevant primer sequences and product lengths
1. BXSIMFFIRKE
e300 S AI(5°—3) 511K (bp)
A1:CGGGCAATACCTTTATGGTGGAAC

620
B1:AACCTTCCTGACCTTTGCCGTC

A2:AAAACGCCATTACCCGATGGG
penA 580
B2:TAATGCCGCGCACATCCAAAG

A3:GCCGTAACCGATATGATCGA
870
B3:CGTTGATACTCGGATTAAGACG
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3. 58
3.0, MERWARSH
25 R 44 X R ERTH (O304 R 250 F (3£ 2).

Table 2. Analysis of susceptibility and resistance to five antibiotics in 98 Neisseria gonorrhoeae isolates

T 2. 98 FRIKEIRERT 5 it RAVEHHIBURME R 25 1E 04

B MIC JEH (ng/mL) MICso (ng/mL) MICso (ng/mL) i 25 % (%)
S fe 0.008~1 0.03 0.5 22.4
PlETHR 0.03~2 0.125 2 14.3
BN 0.5~16 1 8 99

HER 2~8 4 8 100

IWEZS 3 0.5~32 4 16 99

3.2. penA EE B 577 KRR DT

R B HTEE RN, 20 PRI BHAATR 2450055 55 2 TH 1 penA JE K Fr81| S BL R LR AEASAE(A] 1), H
H5HT penA60.001 SE7HE A (KT AR AT (K1 30— 7332, 79 SCIRIB AR B B B/, $R7RIZ LR 24 14 bk T BED
PR IRRIMALS I R E IRy 3 o 3K — a5 R0 SR 1 A AU XA AE IS 20k 2% R AT (KD o

72 NG-26
A|_—|: NG-31
36 NG-54
7 NG-66
7 NG-61
11 — NG-55
23— NG-69
10 NG-56
NG-13

60— NG-52
—— L NG-58
5 NG-46

8 NG-42
NG-3
— NG-43

41— NG-53
NG-73

a2l NG9

53 NG-16
ERE: DL penA60.001 AFFERIT 250k 35> 3, RAAIEEMEE, 43377 55805 bootstrap SZFFE(1000 IXEE),
W S K E SRR 0.024

Figure 1. Phylogenetic tree of the penA gene from 20 resistant Neisseria gonorrhoeae isolates
1. 20 ¥k 25K penA ERNRZ L BRI O
4. g

IHTFERGE T T A HEH DX b BR T A0 AR KU B 24 R DR R AL o o L PR BR T i 245 B I 08 27
IR 9.7%~12.2% Ml PR 7 B AR R B KA M A BURE BRAIR[12]. MEEZTR, 5 & IR X i 258 71 A
ARE DR R S AN U A 25 T R, TURAE A 15 Sk A B 2K (ESC)M 24 XURS: 1E AL T i
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W, IXATREHISS LASTR R A% O G IRIETT 5 58, FER A TT R I R [13] [14].

BRIy 45 SR s, R 2 H00) Sk At i i 24 1 Ak 23 48551 B X 2 penA60.001 SEA7BE R o 1255 A7 Jik [K
IEREREE R AL AT R, SE PBP2 454 kA 25008, T A p- N BE RS 25 it ss Atk 14]. H
BTAENE SN RO AT PRI 25 4 8 22 VR 3RGE penA60.001 5 [E L 3% 1) FC428 TUREMIR[15] [16]. AFFE T
P2 DR Y () At 2R s B I W] RE OO BUR AT AR R e, EIURENY BUNRRIE. X — KL,
A AL Zi 85 77 24 2 SR AN 2 DA THAE IR N 25202, AR I A 874 45 6 41 70 B T B DA e Rl A
TEZRES[17].

[F I A AR T JRBR . &5, FEACRE —ERITHLN, HERARMESZIR: IR, (XA penA 2
RIZEAT 1IN FF 53 Hi7 » AAS AN porB mtrR 45 Ho At it 245 40 5 A7 £, AR TT e vy 43 1% 28 4 A i A B DR A N /7
DA T 0T A 1 2 PRI HE TR BE AT PR 18] [19]: b Ah, RFERFRIECEL, TR K g . Rk, I
BHARIFE R penA60.001 (1) ESC i 2 0 PR 7E & AEH X 7] B O AL T-HATIRES .

ZE L FTIR, A Y penA FH OGRSk A HRA T 254k 1 H I 55 B0k il B 25 08 A SE T AEBR R . i
M 2k — DAL HE, TR ISR AT I 5635 70 B SR S AL, JF RIS PE  FiRs 5 42 il i it

SE
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